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2 Claires. (C1. 13--18) 
The present invention relates to the art of fus- 
ing metals by the use of a flux submerged electric 
carrent discharge and is an improvement over 
the invention shown, described and claimed in my 
irior Patent No. 2,446,929, issued August 10, 1948. 
In one of the known methods of fusing metal, 
as for example, for metal forming an/or casting 
purioses, an electrode tip dips into a body of flux 
and creates therein an electric carrent discharge 
oï metal fusing intensity. To prolong the lire of 
the electrode tip for indelïnite repeated use, it is 
ruade of metal of high heat conductivity, such as 
copper, and is holl0wed fo circulate a cooling 
medium therethrough. Because of the highly de- 
structive action of the current discharge on such 
an electrode tip when initiating heat generating 
operations with solid flux or with flux which bas 
hot yet attained suïcient fluidity to permit rapid 
initial submergence of the electrode tip therein, it 
was proposed in the aforesaid Datent to provide 
a supplementary consumable electrode arranged 
so that during initial heating ieriods, when the 
molten flux pool is being formed, flux fusing car- 
rent is discharged from its end, while the main 
electrode tip is maintained free from destructive 
carrent discharge action. After the active por- 
tion of the supplementary electrode bas been con- 
sumed and the flux properly fused, the main elec- 
trode tii enteis the flux pool and takes over the 
discharge of electric carrent. 
The method and apparatus of the aforesaid 
patent is advantageous and useful but requires 
the consumable supplemental electrode to be 
placed for each heat initiating operation. More- 
over, once the initiating oleration bas been com- 
pleted, the supplementary electrode bas no fur- 
ther protective action on the main electrode 
tip. 
One object Of the present invention is to provide 
a new and improved method and apparatus in 40 
which initial heating operation by the electric 
current discharge action of a flux submerged 
electrode is effected with  minimum of wear 
and destruction of said electrode. 
A further object is to provide a new and ira- 45 
proved method and apparatus, in which initial 
heating operation by the electric current dis- 
charge action of a flux submerged electrode is 
effected in the presence of protective means serv- 
ing to prolong the lire of the electrode, while 
maintaining its own lire indefinitely for repeated 
use. 
Another object is to provide a new and im- 
proved method and apparatus for protecting an 
electrode against rapid wear .and destruction not 
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only during initial heating periods but also during 
normal oierations thereafter. 
Various other objects of the present invention 
are apparent from the following description and 
5 ïrom the accompanying drawings, in which: 
Fig. 1 is a diagrammatic view partly in side e]e- 
ration and iartly in vertical section of a heat pro- 
ducing apparatus which embodies certain struc- 
rural features of the invention and which may 
10 be emiloyed to carry out certain procedural fea- 
tures of the invention; 
Fig. 2 is a vertical section of a form of electrode 
device used in the arrangement indicated in Fig. 
1, and illustrates one form of electrode protective 
15 cai which may be used in accordance with the 
present invention; 
Fig. 3 is a vertical section of another form of 
electrode protective cap which may be emiloyed 
in the electrode device of Fig. 2, in accordance 
20 with the present invention; and 
Fig. 4 is a vertical section of another form of 
electrode device which may be used in accordance 
with the present invention. 
As far as certain aspects of the present inven- 
2 tion are concerned, this invention is of general 
application and may be employed in carrying out 
a wide variety of operations, in which metals or 
other materials are subjected to the heat of an 
electric current discharge. In ifs more specific 
0 aspects, the invention is especial]y adaptable for 
use in connection with the e]ectrical hot-topping 
of metal ingots, to control the solidification of 
ingot metal by the addition of heat thereto 
rived by the discharge of electric current under 
5 a blanket of molten flux, as described in my prior 
Patent No. 2,370,467, issued February 27, 1945. 
Referring fo Figs. 1 and 2, the electrical hot- 
topping operation is carried out in a mold 10, 
which may be of any suitable shape according to 
the desired shape of the casting to be produced 
and which, for the purpose of illustration, is 
shown as cylindrical for casting ingots. The mo]d 
I may be of any suitable material, such as cast 
iron, as shown, or may be of the water-coo]ed 
type ruade of metal having high heat conductivity, 
such as copper. The metal fusing heat is sup- 
plied by an electrode device II, comprising an 
electrode I, an electrode feed motor 13 for mov- 
ing said electrode axially in and out of the mold 
50 10, a regulator for controlling the operation of 
said motor to maintain an electric current dis- 
charge of desired characteristics, a source of cur- 
rent for the feed motor 13 and a source of current 
for the electrode 12. The regulator may be of 
55 the kind usually employed in the electric furnace 



and electric welding arts for controlling electrode 
feed motors. For convenience, the feed motor, the 
electric current supply sources, and the regula- 
for will be considered as located in back of panel 
4 which includes the usual current and voltage 
indicating instruments. A cable 5 connects the 
feed motor  3 4o its current supply source and the 
regulator while the leads 6 connec% the mold 
and the electrode   to the electrode cun'ent sup- 
ply source and the regulator. 
The electrode 2 is of stfitable hollow construc- 
tion fo permit circulation of a cooling mediurn, 
such as water, therethrough. In the spechic form 
shown, the electrode comprises a circulating head 
8 for the cooling medium having an inlet port 
fo which an inlet pipe  7 is connected fo carry the 
cooling medium froïn a suitable source fo the 
electrode, an ourlet port fo which a discharge 
pipe 2{} is connected, and an inner circulating 
tube having ifs upper open end 22 connected fo 
and extending into said inlet po 4o receive the 
cooling medium from said inlet pipe |7, and hav- 
ing its lower end 23 shaped as or provided with 
a discharge.nozzle. Concentrically encircling the 
inner tube 2 to form an annular circulating 
chamber 24 tberewith is an outer circulating tube 
25 having ifs upper open end connected 4o the 
10wer end of the head 8, desirably by screwing, 
and extending into the ourlet port. The lower 
end of the outer tube 5 is similarly connected 
4o the upper end of a fitting 26 having an axial 
bore 27 communicating with the annular circu- 
lating chamber 24 to forma continuation there- 
cf. A nipp!e 2] concentrically encircling the 
inner circulating tube 2  is connected at its upper 
end fo the lower end of the fltting 2G, desirably 
by screwing, and forms wil.h said innner tube an 
annular circulating chamber 9 communicating 
with the axial bore 27 of said fltting. An elec- 
trode end piece 3} in the form of a cup is secured 
to the lower end of the nipple , desirably by 
screwing, to house the lower nozzle end 23 of the 
inner circulating tube 2, and is ruade of copper 
or other metal of high heat conductivity. The 
inner circu!ating tube  extends to the bottom 
of th e!ectrode end piece 39 and is arranged fo 
jet the cooling rnediurn against the inner wall 
of said end piece. 
To move the e!ectrode 2 axially, there is con- 
nected to the upper end of the circulating head 
8 a rod 5  engagement with feed rollers 
one of which is driven from the motor 3 and is 
therefore controlled from the regulator  4 accord- 
ing to the characteristics of the current discharge 
desired. 
The construction of the electrode device   so 
far described is similar to that shown in the 
aforesaid Patent #2,446,929. 
To protect the electrode end piece 8 against 
rapid destruction when starting with solid flux 
or with flux which has not yet attained ifs full 
fluidity, said electrode end piece is shielded 
against contact with the flux by a cap 39 ruade 
of a suitable form of carbon, such as graphite and 
forming with said end piece a composite electrode 
tip 49. To secure the shield cap 3 removably 
in protective embracing position around the elec- 
brode end piece 3} and in good thermal and elec- 
tric contact therewith, the fltting 26 has a de- 
pending annular flange , and the cap 3 has a 
neck 2 atone end reduced in diameter to form 
an annulaï Hmiting sholder .3 and screwed 
into said flange. The carbon shield cap 39 has a 
bore .4 corresponding in shape with the shape of 
t!e elctr0de ed piece 9 fo receive sid end piece 
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snugly therein and fo effect therebetween con- 
tinuous surface contact. Since the shield cap 
3 is of carbon, and is in direct contact with the 
electrode end piece 3} to form the electrode tip 
5 unit 9 threwith, it will conduct electric current 
4o or from said end piece for flux subrnerged cur- 
rent discharge metal fusing action with mini- 
mum of resistance losses, and will be .no.,aintained 
effectively cool against rapid destruction by heat 
10 transfer therefrom to said water-cooled e!ec- 
trode end piece. 
In accordance with the method of the present 
invention, the flux is deposited on the material 
tobe treated, current discharge is effected frorn 
15 the end piece 3} of the electrode . in said flux 
to.heat said flux to molten condition, while said 
end piece is protectively screened against contact 
of said flux therewith by the shie!d cap ,9, and 
current discharge in the molten flux is continued 
0 from sa.id electrode end piece to treat theïmally 
said material, while said electrode end piece is 
maintained screened against contact with the 
molten flux. More spechical!y, in operation, 
molten metal } is deposited in mold 0, in any 
25 suitable manner, until if has attained a prede- 
termined level therein. When the rnold 9 is 
fl]led as required, electrode device   is swung into 
position, the co0iing medium circu!ted there- 
through and the electrode current circuit closed 
30 for starting. A this rime some or all of flux  
may be placed on the metal ,. This flux rnay 
be of suitable composition, ior example, when 
the metal {} is a ferrous rnetal, the flux may be 
of the calcitun silicate type. 
3.5 The motor . is then started and electïode de- 
vice   lowered into the mold }, untfi the eiec- 
trode cap 39 penetratesthe flux  and reaches 
the molten metal ], thereby starting current 
discharge between said cap and said metal. Afger 
.0 the electrode circ.uit is so closed, the motor 3 
will raise the electrode device   to initiate elec- 
tric current gap discharge ab the regulated volt- 
age, as detèrmined by the regulator . 
The dischargê of electric current from the end 
45 of the carbon electrode cap 39 supplies heat ab 
high temperattu.e to the metal } and heats the 
flux fo impart proper fluidity thereto. From this 
point on, the hot-topping operation will proceed, 
as described in the aforesaid Patent No. 2,370,467. 
50 The carbon cap 39 operates effectively as the 
terminal piece of the cornPosite electrode tip ¢} 
even in dry flux and is hot easily destroyed even 
when initiating heat operations. Whatever car- 
bon from the electrode cap  may migrate into 
55 the fused metal below the flux is very small and 
insignïcant and dpes not materially alter the 
final, analysis. The c0nsumption of the carbon 
cap 39 in use is very slow, so that if has an in- 
definite useful life and can be used repeatedly 
60 for a comparativeiy large number of hot-topping 
operations. çVhen the carbon cap 39 has been 
destroyed beyond usefulness, if is a simple mat- 
ter to replace this cap by a new one. The more 
expensive metal electrode end piece 3] remains 
65 substantially intact and its life is prolonged in- 
deflnitely. 
Itis important to note, that since the electrode 
carbon cap 3 is not consumed during initial 
heating operations, it protects the electrode end 
70 piece 3} against rapid destruction, not only dt]r- 
ing these initial operations .but also during normal 
hot-topping operations thereafter, thereby add- 
iz)g fo the lire of said electrode end piece. 
Sligh gs-the diffùSîof 6£ carbon from the elec- 
75 trodë6a!ï Shöl  :thë flux § and into rie 
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metal 60 may be, there may be cases where this 
might upset the analysis of said metal beyond the 
desired toleration limit. To avoid this disadvan- 
rage, there is provided, as shown in Figure 3, an 
electrode protective cap having a carbon body 
$9 a similar to the cap 39 in Fig. 1, but having an 
outer crown plating 56 of metal of the type which 
has high thermal and electric conductivity and 
which, if burned off, does hot deleteriously affect 
the analysis of the metal 5]. A suitable metal 
for this plating is copper, although under certain 
circumstances, silver may be used. This plating 
which may be about  of an inch thick, extends 
fo and around the neck 42 of the carbon cap 
body 35  and is threaded at this neck section for 
screw attachment fo the fiange 41 of the fitting 
26. However, if preferred the plating 5 need 
not extend fo the threaded neck 42 . 
The composite electrode tip construction of 
Fig. 3 is practically non-consumable and non- 
contaminating. In this construction, if during 
operation the metal crown plating 6 should be 
burned through, no serious trouble ensues, since 
the carbon body 3  is still effective fo carry on 
the current discharge heating action and to pre- 
vent break-through fo the water or other me- 
dium employed for the cooling of the electrode. 
In the ïorms of the invention shown in Figs. 
1, 2 and 3, there is a metal shield between the 
circulating water or other fiuid medium employed 
for the cooling of the electrode ! 2 and the otside 
of the electrode tip cap 35 or 3 , so that said 
medium cannot possibly escape through the car- 
bon portions of said cap, even if said carbon por- 
tions should be porous enough fo permit said 
cooling medium to permeate therethrough. In 
the specific form shown in Figs. i and 2, the 
metal shield takes the form of the electrode tip 
metal cote or end piece 3 and in the specific 
form shown in Fig. 3, the metal shield takes the 
form not only of the electrode tip metal cote 
piece  but also of the metal crown or plat- 
ing 66. 
Fig. 4 shows a simplified form of composite 
electrode tip construction, in which the copper 
cote or end piece 9 of Figs. 1-3 is eliminated 
and at the same rime, the circulating water or 
other fluid medium employed for cooling is pre- 
vented from leaking to the outside of the com- 
posite tip. In this form of construction, the 
composite electrode tip 4@b comprises a cup- 
shaped cote or end piece 60 made of carbon in 
suitable form, such as graphite, and provided 
with an axial recess 6| into which the inner cir- 
culating tube 2| extends with an annular clear- 
ance 62 fo permit water or other cooling medium 
discharged from said inner tube to ch, culate 
against the end of said core piece and upwardly 
in direct cooling contact therewith. The lower 
end of the outer circulating tube 2§ b correspond- 
ing fo the outer circulafing tube 2 in the con- 
struction of Fig. 2 has a cylindrical boss 26 b 
serving as a fitting fo which the composite elec- 
trode tip b is removably attached, in the man- 
ner tobe described. 
On the outside of the electrode tip cote piece 
6 is a metal shield 65 in the form of a plating 
or crown serving not only fo prevent leakage of 
the cooling fiuid medium through said cote piece 
fo the outside of the electrode tip b but also 
as a means for protecting said cote piece against 
consumption and migration to the hot-top metal. 
The plating or crown 63 is of a metal having 
the required high thermal and electric conduc- 

tivity and non-contaminating properties. Cop- 
per is desirably employed for the purpose, but 
other metals, such as silver, can be used under 
certain conditions. 
5 For removably attaching the composite elec- 
trode tip @[b t0 the fitting 2 b, the upper end of 
the recess  of the electrode tip cote piece  
has a diametrical enlargement 6 and the metal 
plating or crown 63 on said cote piece, which 
may have a thickness of about  of an inch 
covers the whole outside of said cote piece and 
extends around the upper edge of said cote piece 
and inwardly fo form an inner lining 5 for 
said recess enlargement. This inner lining is 
threaded to the boss 26 b for removable attach- 
ment thereto. If preferred, the metal plating 
or crown 63 need not extend to the enlargement 
64 but may terminate ai the top of the tip b. 
The process carried out by the construction of 
Fig. 4 is similar to that described in counection 
with the construction of Figs. 1-3. 
Whfle the invention has been described with 
particular reference fo specific embodiments, if 
is fo be understood that itis not fo be limited 
thereto, but is tobe construed broadly and re- 
stricted solely by the scope of the appended 
claires. 
What is claimed is: 
1. An electrode for flux submerged e!ectric cur- 
rent discharge comprising a hollow elongated 
metal body portion, a cup-shaped carbon tip 
piece having a central hollow therein, an outeï 
metal crown embracing said carbon tip piece in 
electric and heat transfer contact therewith, said 
crown covering the whole outer surface of said 
carbon tip piece and the upper end of the sur- 
face thereof defining said central hollow therein, 
means formed ai the lower end of said body por- 
tion and ai said crown ai the upper end of said 
central hollow removably connecting said carbon 
tip piece to said body portion with said central 
hollow aligned with and extending beyond the 
hollow of said body portion, means extending 
through the hollow of said body portion and into 
said central hollow for discharging a stream of 
cooling medium directly against the bottom of 
said central hollow to tender said carbon tip 
piece substantially non-consumable in operation, 
the walls of said crown being rhin as compared 
to the walis of said carbon piece and being suffi- 
ciently dense fo prevent fiow of the cooling me- 
dium therethrough. 
2. An electrode for flux submerged electric cur- 
rent discharge as defined in claim 1, in which 
55 said outer metal crown is formed of copper. 
IOBEIT K. HOPKINS. 
REFERENCES CITED 
The followini references are of record in the 
ô0 file of this patent: 
UlkrlTED STATES PATENTS 
Number Nam Date 
896,429 Becket ............ Aug. 18, 1908 
961,139 Keller ............ June 14, 1910 
1,088,734 Schroers ........... Mat. 3, 1914 
1,314,603 Mort ............. Sept. 2, 1919 
2,370,467 Hopkins ........... Feb. 27, 1945 
2,471,531 Mclntyre et al ..... May 31, 1949 
70 OTHER REFERENCES 
Catalog Section M-8000-D, July 1947, page 
National Carbon Company, Inc., 0 East 42nd 
Street, New York 17, New York. 

!o 

9 

o 

4o 

0 



